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Acceptance and commissioning tests for big bore CT simulator and quality control scheme

WANG Meijiao, LIU Jiacheng, YAO Kaining, GONG Jian, FENG Zhongsu, JIANG Fan, ZHOU Shun, PU Yichen, CHEN Jixiang, WU Hao,

DU Yi
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Abstract: CT simulator has the functions such as original coordination positioning and radiotherapy resetting, and it can

provide image and cooridiate information for radiotherapy. Through electronic density calibration, tissue inhomogeneity

correction is carried out for supporting dose calculation in treatment planning system. With reference to relevant national

standards, international guidelines, clinical functions of CT simulator and the practical experience of the center, a set of

acceptance and commissioning testing scheme suitable for big bore CT simulator is presented, aiming to guide and assist the

newly opened department in conducting comprehensive, safe and feasible acceptance and commissioning tests. The scheme

includes the reference methods and tolerance standards of CT simulator machinery, image quality, radiation dose,

radiotherapy related items and safety, so as to ensure the safety and accuracy of CT simulation and survival benefits.
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Figure 1 CT couch movement accuracy
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Figure 2 CT couch measurement accuracy
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Figure 3 CT couch vertical accuracy
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Figure 4 CT couch parallel accuracy Figure 5 Verticality between CT couch longitudinal

movement and the scanning center plane
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Figure 6 Coincidence between the internal laser lamp and the scanning center
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Figure 7 Coincidence between the external laser lamp and the scanning center
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Figure 8 Gantry inclination accuracy
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Figure 9 Water phantom for CT number, uniformity

and noise measurements
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Figure 10 High resolution module of Catphan604 phantom for CT
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image analysis
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Figure 11 Low resolution module of Catphan604

phantom for CT image analysis
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Figure 13 Reconstruction thicknesses of Catphan604 phantom
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Table 1 Parameters of 6 axial scanning modes

ikt BN SHRJEAY S HEI/mAs  E LA TEE /mm
SRS LHES] 120 360 12x1.5
Brain LS| 120 100 12x1.5
Neck LS| 120 300 12x1.5
Head LHES] 120 400 12x1.5
Abdominal i 120 320 12x1.5
Lung i 120 280 12x1.5

AR AR KRS S T R UL i8R %
FZENAE£15% Z N, BT R 54845 2 % /N T
50 mGy"* "2 RFBUA S B S T K UL TR AR 2
N AE£15% Z W, B KUl B4 5 % /N T
30 mGy' 120 gl L 4 R 2 PR, Sk R AR Y
/N T 50 mGy, PR A 75 5 3578 T 30
mGy, Ui W CT A48 (o7 AL FE R AR HEL 0 5 ) 791 e i
(VI E
1342 SIREEBSEENE TH. A B
T KA CT Multi-rule % 1 H (GAFchromic CT)
SPATHCE T CT 8 57 AR I 181 5 - 1, 2R FAS [l v
ELANTE R RO i A 3 T . R EPSON
PRI R, AT IR B B R . SRR
b LRSI . S5 5% W3 3 0 7, ANl ELA 5
JE v S B i P S R AR 2554 12 1.5 mm S )3, AR XS
M50 11.56%. & 14 SR 7E AN ) A8 58 B 0O R
PR ERE.
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R2 6HARIREELT CTDI, BFI 24 R (mGy)
Table 2 CTDI, dose results under 6 different scanning conditions (mGy)

QA% CTDI SRR  mllthie 455 CTIDI REEUE  Rlivhr: 45

SRS 17.55 <50 <50 16.31 <30 <30
Brain 10.44 <50 <50 5.68 <30 <30
Neck 23.87 <50 <50 13.07 <30 <30
Head 29.84 <50 <50 17.86 <30 <30
Abdomen 23.89 <50 <50 13.80 <30 <30
Lung 22.65 <50 <50 12.99 <30 <30

R3I TEEERTEENNERE

Table 3 Measurement deviations of different collimator widths

HEEAF 52 /mm Ji& SR ) £k /mm i 22/%
16x0.75 11.79 1.75
16x1.5 25.27 5.29
12x1.5 20.08 11.56

14 FRIEEREENRFARTEE

Figure 14 Film scanning with different collimator widths
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417 7R, 6 FORTEHA 2548 T CTDL . B 25 51
1E 30 mGy LA, BB CT BEHLUE S AILFE 28 =il 4 1)
P RERRE AT EE .

£4 GHTEEHSEHET CIDL,,_, MFIEERRE(mGy)

Table 4 CTDIL, dose result bias under 6 different scanning

free-in—air

conditions (mGy)

QA I 14 CTDI e LSy gt 45

SRS 25.56 <30 <30
Brain 10.76 <30 <30
Neck 22.74 <30 <30
Head 27.41 <30 <30
Abdomen 23.65 <30 <30
Lung 21.72 <30 <30
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PARF Wz iz 2 i RS B . M EEEMER B AL 207t
IR G, AR HLADCT By d5 K2 BB R A TR ik
TE, FFAE AR 167 St BT TR0, S8 vt Xof ity ) S 56
WS At 7 vk LA I 2 SRR 1t
B DIREME IE H 102

1352 CTEBRFZERE T.H:Gammex_ 1467 #!
5 S R AA R — AR AR 5 CIRS Sk 5 AR EB — {4
AR, J5ik: CT L% BE b RO TR R e
MEIHE 2 CEZ, AR GERE T REMNCTHAEA —
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1467 Y5 S P FNARTS — (AR BRI BT CT IR |, 2R
FHAS [FE43 4 P38 (80,100,120 F1 140 kV) 7E 3 mm )2
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fH SR AR : T2 IR 22 HE 0.02 LA 25 A X
T U0 WO A FELR A AE£2% DA, 250 /1S BoR
iy Gammex HiL % JEBL{AAE 80,100,120 F1 140 kV 4
P 42 DI L1 CT (B 20 R 0T Hi 28 38 1) s o il 2
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CTIHZE 7 3 AREEME CTEHEW B 25, L
120 kV 12k CT {H Ry 2, Bl & HL K A9 T i CT {H K
I, 140 kv HL 725 B2 A MR 22 5ok 11032.3 HU
(9.5%). 100 kV H1 %5 2 ih e AN A B I 22 5 K0
2113.4 HU(19.5%) , 80 kV Hi, T4 i jh £k 4k & 4 A1 k)
i 22 Bc KM 3 659.2 HU(55.8%) o FE I BRI FH b, %5
4 TR BE fE 1Y CT HL 3 B e th 2 3 ATHRI R 58
P AT, TR A A 8 R A AN [R] 5 R A X
FA) L, 28 e 4 it 2 43 ol iR A7 R 5 DADRAIE )
ARG BN ERPE
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Figure 15 CT value—electron density conversion curves of Gammex

phantom in 4 scanning modes

CTIR, 5H)Z M E It & TR 0. RAk
FRFAHE P I L B CTDIRL AR 43 5 B T 5 B 45
L JHA 5.10.14 .18 .19 cm % FOV 1 EFOV 1% ,
15 2B 5 PR B IFFE 1 AR N R B4 )
XL BT AR 10 mm 4k, U & CT
{H, 2B CT IR AN [R] 25 FE B FOV [ CT Al , PEAl AN [R]
FOV [ CT i — &bk . Hofth 7 i - v] LA HoAth
SIHIBARA R . SR MCTE b FE IR . 25 R
MK B FE 14 om B, 1E 4 2] 35 FOV=600 mm ) i1
G, R SR BIR, Y BASE EFOV=650 mm i [l i1
2}, 5% H 0 CT Al (FOV=600 mm ) 4 &) ¥ i) f
KA 2= 7 6.8 HU(5.11%) o Fifi & IR AW BT+, CT
(EAY S P2 #THE K, THR 19 em B 2] EFOV=700 mm
Bt 54 iR CT {H (FOV=600 mm ) Y 2] 1
B K 2 4 103.7 HU (45.1%) . 76 X% 58 % 317
AL, IR A 0 R A X e BT CT R Y 5§
OV, BB DR TIE R 2 AR Y A P

#R5 CTRTRESENAEFOVH CTE—H M4 HU)
Table 5 CT numbers consistency of different FOV at different
heights of CT couch (HU)

e FOV=600 mm EFOV=650 mm EFOV=700 mm
At 126.4+7.3 126.1+5.3 125.9+6.3
FHK S cm 128.9+£7.6 128.6+6.6 129.2+7.3
FHAR 10 cm 132+8.0 131.7£7.0 132.247.6
R 14cm  133.3£11.6 133.248.1 131.949.9
FHE18cm  152.8+14.3 153.3+10.3 153.8+14.3
FHE19em  229.3+16.5 230.8+20.4 230.1422.4
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(AT ER) bR CER—20) (B& B R R E
G0 JUAn 57 8 A5 1] (A2 A RSk B 7 i) AV REMSE B
R T ) A K AN ] JEE B 1 [ A K 2k KRR A
PEAT CT 348 3 A% 2 TPS, B 314 7 i KB AR 48
J5 RS 5 52 B RE AT A . 30 ds b - DB M IE
el ZE L TPS HR AR 1 48 B R SR S
PRI UNIE 16 Fis , i 22 4E£1 mm LN, T
2 B A A PR, AR o HESORE FL ) i Ok I 4
BGZ LU V-3 CT A, Wl DA 52 3 A A A -

E 16 EclipseiafritXl R KERLBRERRT

Figure 16 Outline size of water phantom of Eclipse

treatment planning system
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BRGNS, i X SRR L A B B2 AR A5 1 m Ak
TSR 2 LRSI BE R . CTHL 1AM & B4R
S bR TR H A TARIRSHE AR AT, Rl A A
CT AL AR, ML NS HERTC A, DRAsr R i
W Bl b 2 RSN <1.0 mGy/h™>'*2; CT
TAERHERIT s RAF> S HL5 =30 m?, Bl K
4 m> 7,

13.62 CTHLERGNE T H. By, Hik.
SR 7 B A DU ASC 3000 2 Dl T 358 < L 35k R i B 9
730 emA&b) MR (FE 3BT BE 130 em Ab) | THUAH (BB
T5HA 100 em &b ) AL bt T 7 (FEAE T Hu i 170 cm
A ) JER RT3 B b < R ) o Y R
<2.5 uSv/h'>1%,

1.3.63 8iEZEEE HW BT IFRDER
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B, 23T A, SR AR 37 56 A, CT BAUALAS fig
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1.3.6.6 EHENIRIEE  Jrik . W48 B 5 AR 4
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BTN DL e bR DRk .
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AHEFE H AR AR 1 — =1 T o7 R LA CT
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Table 6 Statistical results of the main acceptance items for big bore CT simulator

CTEN IR SIS H K +1 mm!!7-20.26] <1 mm
CT & A R RS H £1 mm [17.20.26] <1 mm
CT & PR TH B BN B H +1 mm17-20.26) <] mm
CT & PR 1T 5 7K - 11 974 7 B A B H <3.5 mm/m'!7-20) <3.5 mm/m
CTEN R 182 3l 5 434 b0 2 T 1 BbE H K +2 mm'20.26! <2 mm
N OGKT O R Ge H K +1 mm!2%2¢] <0.5 mm
U2 N B HOGKT LR G B H ks +1 mml17.20.26] <0.5 mm
PN OYGKT S A 2R GRS I T RN S R TR O G AT 1 3 ELME SRR
. H s £2 mm & 0.5°(20.26) <1 mm
A PAT
A (O i) R0 ) ST e f6r R et ik H A +1 mm'20-26] <0.5 mm
A1 (0 ) F1TGUES ) SOGKT 78 0 R GE R BKG B H +1 mml!7.20.26] <0.5 mm
HINEFOGKT A ZR GERE T DA SR IO AT (3 B SOk
. H A +2 mm & 0.5°(20.26) <1 mm
A PAT
EREL E U lbER Ty H +]°017.20.26] <1°

CTDI, il 2 FH I H<50014) <50
hy <3014 <30
TR B SR T 9 ) FH FEMIRAS T 5 -
CTD I g1 Ff SL<s004] =50
B2 3 <3014 <30

CT RSB K SRBEIHER<1.0 mGy/h2 1520 <1.0 mGy/h

CT TAERHE/RAT H A R R 18] B
HLE HIBE=30 m?, HLE HIRE=30 m?,
B IR K B AR Sty i sd i s K 4 m

oo CT HL Bt I 4 AR SRR R Y R <2.5 uSv/hl 13 <2.5 uSv/h
R 2 Hin H Tyfg bk 1F (2021, 26) B
Rt H A6 Tyge I o2t -
"I % TRePEIE A 20 -

EHLEE DAL RS B AR DIRETEIE R -
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FI T2 B8 CTRAREOR Wl R &, 50T E /Y
RlE R A 1k CT RBBUE L H AR I R , REA &5 v CT
JRAG S i AR LR o A SCIR S ORI R AL AR
CT RUE AL LA | 1115 5 A S50 i T A+
KT B2 A 5 AN I3 WG I 0L H 192 7% J7 vk 4 22
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